We present an analysis of a new sample of type II core-collapse supernovae (SNe II) occurring within low-luminosity galaxies, comparing these with a sample of events in brighter hosts. Our analysis is performed comparing SN II spectral and photometric parameters and estimating the influence of metallicity (inferred from host luminosity differences) on SN II transient properties. We measure the SN absolute magnitude at maximum, the light-curve plateau duration, the optically thick duration, and the plateau decline rate in the V −band, together with expansion velocities and pseudoequivalent-widths (pEWs) of several absorption lines in the SN spectra. For the SN host galaxies, we estimate the absolute magnitude and the stellar mass, a proxy for the metallicity of the host galaxy. SNe II exploding in low luminosity galaxies display weaker pEWs of Fe ii λ5018, confirming the theoretical prediction that metal lines in SN II spectra should correlate with metallicity. We also find that SNe II in low-luminosity hosts have generally slower declining light curves and display weaker absorption lines. We find no relationship between the plateau duration or the expansion velocities with SN environment, suggesting that the hydrogen envelope mass and the explosion energy are not correlated with the metallicity of the host galaxy. This result supports recent predictions that mass-loss for red supergiants is independent of metallicity.
INTRODUCTION
Type II supernovae (SNe II) are the terminal explosions of massive (> 8 M ) stars that have retained a significant fraction of their hydrogen envelopes and, hence, have optical spectra that exhibit strong Balmer lines (Minkowski 1941) . Initially, SNe II were separated into two groups: those with faster declining light curves were classified as SNe IIL, while those with a plateau in their light curves (a quasi-constant luminosity for a period of a few months) were classified as as SNe IIP (Barbon et al. 1979) . This distinction has recently been refined with larger samples of events that show a continuum in their photometric properties (e.g., Anderson et al. 2014; Sanders et al. 2015) . This continuum suggests that SNe II 1 events all come from the same progenitor population. The direct identification of the progenitors on preexplosion images has shown this population to be red supergiants (RSGs).
However, a significant diversity in the properties of SNe II is observed. Large samples of events have begun to provide some understanding of this diversity (e.g., Arcavi et al. 2012; Anderson et al. 2014; Faran et al. 2014a,b; Pejcha & Prieto 2015a,b; González-Gaitán et al. 2015; Valenti et al. 2016; Galbany et al. 2016; Rubin et al. 2016; Gutiérrez et al. 2017a,b) . It has been found that SNe II with faster decline rates exhibit a shorter plateau duration (Anderson et al. 2014; Valenti et al. 2016; Gutiérrez et al. 2017b ). In addition, they are brighter at 50 days from explosion and during the radioactive tail phase, and have broader spectral absorption features (e.g., Hamuy 2003; Pastorello et al. 2003; Faran et al. 2014b; Pejcha & Prieto 2015a,b; Gutiérrez et al. 2017b ). These results suggest that the diversity is produced by differences in the progenitor and the explosion mechanisms (e.g., the amount of the hydrogen envelope mass, the explosion energy, the radius, metallicity, and mass loss).
SNe II have been proposed as environmental metallicity probes. Dessart et al. (2013 Dessart et al. ( , 2014 presented SN II spectral models produced from progenitors with different metallicities: 0.1, 0.4, 1 and 2 times solar metallicity (Z ). With these models, they predict that the strength of the metal lines during the recombination phase should be related to the metallicity of the SN progenitor. They also note a lack of SNe II at metallicities below 0.4 Z , supporting the results of Stoll et al. (2013) . Using a sample of 119 SNe II and gas-phase metallicity estimates derived from emission line measurements, Anderson et al. (2016, hereafter A16) confirmed this prediction by showing a correlation between gas-phase metallicity and SN II pseudo-equivalent-widths (pEWs) of the Fe ii λ5018 line (pEW(Fe ii 5018)): SNe II exploding in higher-metallicity galaxies have stronger iron lines in their spectra compared to those in lower-metallicity environments. However, no trend was seen with any other SN II property, and A16 therefore concluded that progenitor metallicity likely plays only a minor role in driving SN II diversity. However, they noted that the range in host-galaxy luminosity sampled was not particularly large (−18 M host B
−22).
1 Throughout the remainder of the manuscript we use SNe II to refer to all SNe which would historically have been classified as SN IIP or SN IIL. Type IIn, IIb and 87A-like events are excluded from our analysis.
This restricted range in host-galaxy luminosity has now been overcome with new surveys that scan large areas of the sky without preference to the location of bright, nearby galaxies. Such searches have found new trends with respect to the ratios of different SN types as a function of galaxy luminosity (see Arcavi et al. 2010) , but detailed studies of the properties of SNe II located in low-luminosity hosts are still generally lacking.
A recent exception is Taddia et al. (2016, hereafter T16) , who analysed a further 39 SNe II taken from the (intermediate) Palomar Transient Factory sample of Rubin et al. (2016) , extending the sample to lower-metallicity with 18 events. These events showed smaller pEW(Fe ii 5018), with a weak correlation between the inferred host-galaxy metallicity (using an average luminosity-colour-metallicity relationship) and pEW(Fe ii 5018). In addition, T16 showed that SNe II with brighter peak magnitudes tend to occur at lower metallicity.
This paper builds on these earlier studies, analysing a larger number of SNe II in low-luminosity hosts and their properties. Of particular interest is the duration of the 'plateau' phase in SN II light curves (P d ). This has long been linked to the mass of the hydrogen-rich envelope of the progenitor star at the time of explosion (e.g., Popov 1993, and recent discussion in Gutiérrez et al. 2017b) , as P d is believed to be directly related to the time the hydrogen envelope takes to fully recombine. The hydrogen envelope mass is itself related to the mass-loss suffered by the progenitor star during its lifetime and the amount of hydrogen that has been fused into higher mass elements in the core. Given the metallicity dependence of mass-loss for hot single stars (e.g. Vink et al. 2001; Mokiem et al. 2007) , most stellar models predict a strong dependence of core-collapse SN type on progenitor metallicity (e.g. Heger et al. 2003; Chieffi & Limongi 2013) . This metallicity dependence of mass loss is also presumed to affect the hydrogen envelope mass retained by SN II progenitors, leading to a predicted dependence of the P d on progenitor metallicity.
It should be noted, however, that the majority of the mass loss suffered by a SN II progenitor will happen during the RSG phase, and currently there is no strong observational evidence that the strength of RSG mass loss correlates with metallicity. A recent study by Chun et al. (2017) showed that metallicity dependence of mass loss is only apparent when the Schwarzschild criterion for convection is employed; using the Ledoux criterion, the envelope mass at the epoch of explosion for SNe II was almost independent of progenitor metallicity. This result is supported by Goldman et al. (2017) , who found no metallicity dependence of mass-loss for RSGs in the Large Magellanic Cloud (LMC) between half and twice solar metallicity. Within this context, observations of SNe II arising from a large range of environmental (and therefore progenitor) metallicity could be highly constraining for stellar models.
This paper presents 30 new SNe II in low-luminosity host galaxies. Using measurements of the SN photometric and spectroscopic properties, our aim is to further test the validity of using SNe II as metallicity indicators, and to constrain massive star models and SN II progenitors by searching for correlations of SN II parameters with host galaxy properties. The paper is organised as follows. In Section 2 we describe our sample and observations. The measurements SNe II in low luminosity host galaxies 3 are presented in Section 3, while the results and discussion are presented in Section 4 and Section 5, respectively. We conclude in Section 6. Throughout, we assume a flat ΛCDM universe, with a Hubble constant of H0 = 70 km s −1 Mpc −1 , and Ωm =0.3.
DATA SAMPLE AND OBSERVATIONS
In this paper, we present a new sample of 30 SNe II in low-luminosity host galaxies, and combine with a further 108 events sampling a range of host galaxy luminosities and taken from the literature (A16, Gutiérrez et al. 2017a , and references therein). Our new SNe II were selected so that they were i) located in galaxies with an absolute magnitude in the B-band (M host B ) of M host B −18.5 mag, or were apparently hostless, and ii) younger than 20 days post explosion. This absolute magnitude limit was chosen as it is around the brightness of the LMC, and because very few SN II were observed in the sample used by D14 with implied metallicities below that of the LMC. In this section we present the data on the new sample of events, including their optical photometry and spectroscopy, and the data on their host galaxies.
SN sample
Observations for the new low-luminosity host sample of 30 objects are drawn from several sources. We took data on SNe II from the Public ESO Spectroscopic Survey for Transient Objects (PESSTO; , and the extended PESSTO, ePESSTO), which specifically targeted SNe II in faint host galaxies, and from the Las Cumbres Observatory (LCO; Brown et al. 2013 ) Supernova Key Project and the LCO Global Supernova Project. These events were generally observed photometrically with a three day cadence, and with spectral observations every few weeks. Finally, one additional SN II was detected and observed in 2009 by the CHilean Automated Supernova sEarch (CHASE; Pignata et al. 2009 ). Our comparison literature SNe II are taken from the various samples observed between 1986 and 2009 and compiled in Anderson et al. (2014) . These comprise: the Cerro Tololo Supernova Survey (CTSS), the Calán/Tololo survey (CT, Hamuy et al. 1993) , the Supernova Optical and Infrared Survey (SOIRS), the Carnegie Type II Supernova Survey (CATS) and the Carnegie Supernova Project (CSP-I, Hamuy et al. 2006) . Table 1 gives the SN host galaxy information: recession velocity, M host B (used for the sample selection) and the reddening due to dust in our Galaxy (E(B−V )MW), as well as details of the discovery date and explosion epoch of each SN.
In Fig. 1 = −20.26 ± 0.14 mag in A16, and M host r = −19.18 ± 0.27 mag in T16).
Photometry
Optical photometry was acquired for 29 of the 30 new lowluminosity host SNe II. The light curves of 24 SNe II were obtained by LCO, either as part of PESSTO, or as part of the LCO key projects, and reduced following the prescriptions described by Firth et al. (2015) . 21 of these SNe were observed in BV gri filters, while the remaining four in gri. SN 2017vp was observed in the g r i z JHK bands with the Gamma-Ray Burst Optical/Near-Infrared Detector (GROND; Greiner et al. 2008) , at the 2.2-m MPG telescope at the European Southern Observatory (ESO) La Silla Observatory in Chile. The images were reduced with the GROND pipeline (Krühler et al. 2008 ), which applies debias and flat-field corrections, stacks images and provides an astrometric calibration. SN 2015bs was observed in BV ri using the Swope telescope at the Las Campanas Observatory. The reduction procedure is presented in Anderson et al. (2018) . SN 2009lq, ASASSN-14kp and SN 2014cw were observed in BV RI with the PROMPT telescopes located at Cerro Tololo Interamerican Observatory. SN 2009lq was, in addition, observed with the TRAPPIST telescope at La Silla. The reduction of the images of these three SNe were performed following standard procedures (including bias, dark, and flat-field corrections), and calibrated using observations of standard-star fields (Landolt 1992 (Landolt , 2007 Smith et al. 2002) . ASASSN-15rp has no photometric information. Details of the literature sample can be found in Anderson et al. (2014) . Table 2 presents a summary of all the observations obtained for the new low-luminosity host SNe II in our sample. The photometric data for SN 2016X and SN 2015bs are presented by Huang et al. (2018) and Anderson et al. (2018) , respectively, while the data for ASASSN-14dq and SN 2015W were published in Valenti et al. (2016) . Published data have been re-reduced and calibrated here for homogeneity within sample. Data (both photometric and spectroscopic) for ASASSN-15oz will be presented in a separate study by Bostroem (in preparation), for SN 2016B in Rui et al. Reynolds et al. (in preparation) . Photometry and spectroscopy for the remaining unpublished SNe in the sample will be presented in a future data paper.
Throughout the paper, all magnitudes in our sample have been corrections for Milky Way extinction taken from Schlafly & Finkbeiner (2011) . K-corrections were not applied because at low redshift the results are not affected. See Anderson et al. (2014) for more details.
Spectroscopy
In this paper, we make use of spectroscopic measurements at (or close to) 50 days after the SN explosion. These spectra come from a range of difference sources. Details of the instruments used for the spectral observations of the new sample are listed in Table 2 , and all spectra from which we make the +50 d measurements in this paper are available through the WISeREP 2 archive (Yaron & Gal-Yam 2012) . Spectroscopic data for SN 2015bs is presented in Anderson et al. (2018) , and for SN 2016X in Huang et al. (2018) Buzzoni et al. 1984) at the 3.5-m ESO New Technology Telescope (NTT), and the twin FLOYDS spectrographs on the Faulkes Telescope South (FTS) and the Faulkes Telescope North (FTN). The NTT spectra were reduced using the PESSTO pipeline , while the FLOYDS data were reduced using the PyRAF-based floydsspec pipeline. Data for SN 2014cw were acquired with the Low Resolution Spectrograph (LRS) at the 3.6-m Telescopio Nazionale Galileo (TNG), the Ohio State MultiObject Spectrograph (OSMOS) at the 2.4-m Hiltner Telescope, and the Goodman Spectrograph at the SOAR 4.1-m telescope. For SN 2009lq, two spectra were obtained with the Wide Field CCD Camera (WFCCD) at the 2.5-m du Pont Telescope and the Low Dispersion Survey Spectrograph (LDSS3) on the Magellan Clay 6.5-m telescope at Las Campanas Observatory. For ASASSN-14kp one spectrum was obtained with WFCCD. The reductions for LRS, TNG, OSMOS, Goodman, WFCCD and LDSS3 spectra were performed using the standard routines (bias subtraction, flatfield correction, 1D extraction, and wavelength calibration). Details on the literature spectra are presented by Gutiérrez et al. (2017a) .
Host galaxy data
Photometry for the SN host galaxies in the ugriz filters were collected from the Sloan Digital Sky Survey (SDSS) Data Release 13
4 (Albareti et al. 2017 ) and the Pan-STARRS1 5 (Flewelling et al. 2016; Chambers et al. 2016) ASASSN-15rp, and SN 2016drl , where no host galaxy is visible, we determine an upper limit on the luminosity of the host using a circular aperture centered on the SN location. The host galaxy magnitudes can be found in Table 3 .
MEASUREMENTS
We now turn to the measurements that we make on the SN photometry and spectra, and the host galaxies.
SN measurements
We measure several photometric and spectroscopic parameters in our SN II sample. These spectral and photometric measurements were performed following the prescriptions presented in Anderson et al. (2014) and Gutiérrez et al. (2017a) . From the photometry, we measure in the V -band the magnitude at maximum light(Mmax), the plateau decline rate (s2), the optically-thick duration phase (OP T d ) and the plateau duration (P d ). Here, we define P d as in Anderson et al. (2014) : the duration from the inflection point (ttran) between the initial decline (s1) and the plateau decline (s2), until the end of the plateau (t end ). We measured OP T d between the explosion (t0) and the end of the plateau (t end ), while s2 was measured by fitting a straight line during the plateau phase. Given that P d is estimated over the interval [ttran, t end ], the number of SNe with available estimates is significantly smaller compared to OP T d or s2. This is because a better photometric coverage is necessary to calculate the ttran and the t end , compared to s2. Fig. 2 presents an example light curve indicating these parameters. From the spectra, we measure the expansion velocities and the pEWs for 7 lines: Hα, Hβ, Fe ii λ5018, Fe ii λ5169, Na i D, Ba ii λ6142 and Sc ii λ6247. We estimated the expansion velocities using the relativistic Doppler equation and the rest wavelength of each line. Further details are presented in Gutiérrez et al. (2017a) . The pEWs were measured by tracing a straight line across the absorption feature to mimic the continuum flux, as shown in the lower panel of Fig. 2 . Note that in this paper, Na i D refers to the Doppler-broadened Na i D line forming in the SN ejecta, and not the narrow line caused by any surrounding circumstellar material or interstellar material along the line-of-sight in the SN host. The spectral parameters are measured at (or interpolated to) 50 days from explosion (+50 d). We estimate the explosion epochs using the prescriptions described in Gutiérrez et al. (2017a) , and the epochs are listed in Table 1 together with the technique employed to determine them. Details about the explosion epoch estimates for the literature events can be found in Gutiérrez et al. (2017a) .
The final spectroscopic and photometric properties are presented in Table 4 .
Galaxy measurements
We characterise the global properties of the SN II hosts using the stellar mass (M stellar ). We use a custom galaxy SED fitting code, following Sullivan et al. (2010) . The code is similar to z-peg (Le Borgne & Rocca-Volmerange 2002) , with an expanded set of templates based on the galaxy spectral synthesis code pégase.2 (Fioc & Rocca-Volmerange 1997) . Specifically, the code uses a set of 15 exponentially declining star formation histories (SFHs), each with 125 age steps, assuming a Salpeter (1955) initial mass function (IMF). The internal pégase.2 dust prescription is not included in the templates, but instead extinction is included as a foreground dust screen with E(B − V )=0 to 0.3 mag in steps 0.05 mag. The code determines the best-fitting SED model by minimisation of the χ 2 using data in the uBgriz filters. The redshift in the fit is fixed to the value of the SN redshift.
The M stellar of the host galaxy is calculated by integrating the star formation history of the best-fitting SED model, subtracting the mass of the stars that have died. The M stellar uncertainties are calculated by performing a Monte Carlo simulation on the observed galaxy fluxes according to the uncertainties retrieved from SDSS. Table 3 gives the final information on the host galaxies.
RESULTS
In this section, we compare the SNe II in low-luminosity galaxies with those located in high-luminosity hosts, searching for significant differences in SN properties between the two samples. All spectral comparisons are performed at +50 d.
SNe II in fainter galaxies vs. SNe II in brighter galaxies
We split our full sample into two: 35 SNe II located within 'faint' host galaxies, defined as Mr −18.5 mag (or MB −18.5 mag, where no r-band data is available), and 103 SNe II in 'bright' host galaxies, defined as Mr < −18.5 mag (or MB < −18.5 mag). This absolute magnitude limit is around the brightness of the well-studied LMC. This was chosen as the separation limit because very few SN II were observed in the sample used by D14 with inferred metallicities below that of the LMC, hence we investigate whether SNe II dimmer than this limit are distinct from those in brighter hosts. Details about the characteristics of low-and high-luminosity groups are presented in Table 5 .
SN photometric properties
The photometric properties for our sample are shown in This suggests that SNe II in lower luminosity hosts have a shallower decline during the recombination phase. Fig. 3 also shows the cumulative distributions for the three photometric parameters. Throughout this paper, we compare such cumulative distributions of SN parameters for events in low-and high-luminosity host galaxies. For this we use the Kolmogorov-Smirnov (KS) test, a nonparametric test that compares the cumulative distributions of two data sets under the null hypothesis that both groups are sampled from populations with identical distributions. We reject this null hypothesis when ρKS < 0.01. In this case (Fig. 3 ), the KS test shows that we can reject the null hypothesis that both s2 samples (in high-and low-luminosity hosts) are drawn from parent populations with the same distributions. The mean values and corresponding KS test results are in Table 6 .
SN spectral properties
We see no significant differences in the velocities of SNe II located in low-and high-luminosity hosts. An example is shown in Fig. 4 , showing the expansion velocity for Na i D. Only small differences of ∼ 50 km s −1 are observed. The figure also shows that both groups have a similar velocity distribution, with a large range of velocity values. Similar behaviour is observed for the rest of the SN velocities, suggesting that the SN explosion energy is not significantly affected SNe II in low luminosity host galaxies 7 by metallicity. A complete set of measurements can be found in Table 6 . Fig. 5 shows the pEW distributions for Fe ii λ5018, Hα absorption, Na i D and Sc ii λ6247 for the high-and lowluminosity host samples. In general, the pEWs for SNe II in low-luminosity hosts are shifted to smaller values. The result obtained for pEW(Fe ii 5018) is consistent with the prediction of D14, who found that the strength of the metal lines increases with increasing progenitor metallicity; SNe II with metal-poor progenitors should have weaker iron lines. Using host luminosity as a proxy for host metallicity confirms this prediction observationally. The Na i D line shows a similar behaviour, but, for the Hα line, the opposite to that predicted by D14 is observed, where higher metallicity models show weaker Hα absorption. The comparison of the pEWs of Hβ, Fe ii λ5169 and Ba ii λ6142 for SNe II for lowand high-luminosity hosts showed similar results to those in Fig. 5 .
The cumulative distributions for the pEW differences are also shown in Fig. 5 . KS tests reject the null hypothesis that the distributions of the pEWs in low-and highluminosity hosts are drawn from populations with the same distribution for all four lines. The differences are most significant for Na i D and Sc ii λ6247, with ρKS less than ∼ 0.0001 and ∼ 0.002, respectively. The mean pEWs obtained for all 7 lines in the low-and high-luminosity hosts, and the corresponding KS test values, are presented in Table 6 . Fig. 6 shows the temporal evolution of pEW(Fe ii 5018), compared to the synthetic spectra at four different metallicities (see D14). pEW(Fe ii 5018) for SNe II in high-luminosity hosts lies around the model with solar metallicity (Z ), while SNe II in low-luminosity hosts are closer to the 0.4 Z model. This is again consistent with the low-luminosity host group sampling SN II progenitors of lower metallicity than the high-luminosity group. Fig. 6 also shows that the pEW(Fe ii 5018) for SNe II in high-luminosity hosts evolves faster at early phases. To quantify this, we measure the rate of change of the pEW (∆pEW) over the intervals [+10, +35] : at early phases, the pEW evolves ∼ 40 per cent faster in SNe II in high-luminosity hosts than in lowluminosity host, but becomes consistent at later phases.
In the models, for the 0.4 Z model, the ∆pEW is 0.42± 0.05, 0.13 ± 0.05 and 0.30 ± 0.0.06Å d −1 , while for the Z model they are 0.53±0.03, 0.27±0.04 and 0.29±0.05Å d −1 . In the first two intervals, the pEW at Z evolves faster than the pEW at 0.4Z , but in the last interval, they are almost the same. Comparing the models with the observed SNe, the Z model displays a faster evolution at all epochs in comparison with observed SNe II, however for the model at lower metallicity, the evolution is faster only in the first interval.
Correlations between SN II properties and host-galaxy parameters
We next investigate any dependence of SN II diversity on environmental parameters, specifically the absolute magnitudes and stellar masses of the host galaxies. In particular, we examine pEW(Fe ii 5018) and pEW(Na I D) for our SNe II in the context of the SN host galaxies. We use pEW(Fe ii 5018) as the models show it is mainly affected by the metallicity of the progenitor, and we use pEW(Na I D) due to the significance of the relations seen in Fig. 5 and presented in Table 6 . Fig. 7 shows the relation between the host-galaxy absolute magnitudes in different filters (riz), and pEW(Fe ii 5018) and pEW(Na I D). In general, SNe II in lower luminosity hosts have smaller pEW values. Using the Pearson correlation test, we find weak anti-correlations for pEW(Fe ii 5018) of ρ = −0.34, −0.23 and −0.37, and moderate anti-correlations for pEW(Na I D): ρ = −0.46, −0.44, and −0.52. The strongest correlations are observed in the z-band. Fig. 8 shows the relation between pEW(Fe ii 5018) and pEW(Na I D) with M stellar . The correlation between M stellar and pEW(Fe ii 5018) is weak (ρ = 0.31), while the correlation between M stellar and pEW(Na I D) is moderate (ρ = 0.44). SNe II with a smaller pEW(Na I D) preferentially occur in low M stellar galaxies. By contrast, SNe II with a higher pEW(Na I D) are found in galaxies with a larger M stellar . To test the significance of the correlation between pEW(Na I D) and M stellar , we use a Monte Carlo resampling with 10 5 random draws. Varying both parameters according to their 1-σ uncertainties and a Gaussian distribution, we estimate the Pearson coefficient (ρ) for each iteration. The median of ρ is 0.47, which is consistent with our findings.
Using a KS test, we probe the differences between SNe II in low/high M stellar . The KS test rejects the null hypothesis that the distributions of the pEW(Fe ii 5018) in lowand high-M stellar are drawn from populations with the same distribution. The differences are more significant for pEW(Na I D). To test this result and using a Monte Carlo resampling (varying the pEW values using 1-σ uncertainties according to a Gaussian distribution), we find a statistically significant difference between the M stellar when comparing the pEW(Na I D).
Given that our comparison models produce SN II light curves and spectra that are qualitatively similar to observed SN IIP (slow decliners), we may expect stronger correlations when restricting our sample to slow-declining events.
Surprisingly we find the opposite: correlations decrease in strength when removing the fastest decliners.
DISCUSSION
Using a sample of SNe II and their host galaxies, we have examined various relationships between SN II properties and their host galaxies to probe the role of metallicity in SN II evolution and diversity. Following D14, we tested the influence of metallicity on the strength of the SN metal lines. Our main result is that SNe II in lower-luminosity hosts display weaker metal lines (specifically pEW(Na I D), pEW(Fe ii 5169), pEW(Sc ii 6247), pEW(Fe ii 5018)). Given the strong correlation between galaxy stellar mass (or luminosity) and galaxy metallicity, this supports the potential for using SN II spectral diagnostics as proxies for progenitor metallicity. In this section we compare our results with those found in previous studies to attempt to understand the role of galaxy properties in SN II transient behaviour.
Comparison to previous studies
Using a sample of 119 events, A16 found no evidence of a metallicity influence in the diversity of SNe II. They examined potential correlations between metallicity and various photometric parameters (M max V , s2 and OP T d ), but no significant trend was found.
Employing P d as a proxy for the hydrogen envelope mass, instead of OP T d , we similarly find no significant correlations. However, a KS test reject the null hypothesis that both s2 samples (in high-and low-luminosity hosts) are drawn from parent populations with the same distributions: slower declining SNe II preferentially occur in low-luminosity galaxies. Unlike T16, we do not find a statistically significant difference between the samples when we compare their absolute magnitudes.
Turning to the spectral parameters, A16 found moderate correlations between the pEW(Fe ii 5018) and gas-phase metallicity as measured through host H ii region emission line analysis. Their results indicate that SNe II with stronger iron lines explode in more metal-rich regions. As we do not have direct metallicity measurements of the SN host galaxies, we instead compare the pEW(Fe ii 5018) with the stellar mass of the host galaxy (derived from host photometry) and find a weaker correlation. When A16 use their 'gold' sample (i.e., SNe IIP), their correlations increased. By contrast, in our plateau sample (i.e., SNe II with s2 < 1.5 mag 100d −1 ), the correlations are weaker.
The differences between these two studies are most likely due to the use, in the current study, of integrated stellar mass as a proxy for metallicity, while A16 derived metallicities of host H ii regions directly through emissionline spectroscopy. Obtaining such data for our sample will be the focus of a future project.
D14 further found that, in their models, highermetallicity SNe display weaker Hα absorption. Even though the differences in these values are small, they show an opposite behaviour to that found in this work, where SNe II in low-luminosity (low metallicity) hosts present a lower pEW(Hα). According to D14, the differences in the pEW(Hα) do not originate from metallicity, but are instead probably more sensitive to time dependent effects, density profile, mixing, clumping. Correlations between pEW(Fe ii 5018) (upper panels) and pEW(Na I D) (lower panels), and the galaxy absolute magnitudes: Mr (left), M i (centre) and Mz (right). Green stars represent SNe in high-luminosity hosts, while yellow stars are SNe II in low luminosity hosts. In each panel, n is the number of events, ρ is the Pearson's correlation coefficient, and P is the probability of detecting a correlation by chance.
present smaller pEWs of the iron lines and no significant differences in their P d (A16).
T16 showed how the observational gap found in the SN II models at different metallicities was partially filled with their iPTF sample. However, when they compared the pEW(Fe ii 5018) with the metallicity of the host galaxy, they found a correlation with a weak significance, which could suggest that the observed lack of SNe II is still visible.
Our sample probes lower-luminosity hosts and therefore lower inferred metallicities (Fig. 8) . These lower metallicities are also evident when we compare our spectral measurements with the SN models at different metallicities. Reproducing Figure 6 of D14 (the distribution of pEW(Fe ii 5018) around 80 days from explosion), it is possible to see how our sample fills the region between 0.1 and 0.4 Z (Fig. 9 ). This figure includes the A16 sample, the T16 dataset and our SNe II (magenta). Following the process employed by D14, we measure the pEW for SNe II with available spectra between 65 and 100 days post-explosion. A total of 19 SNe II are incorporated in the pEW distribution plot. From T16, we also select SNe II within this range of time. Fig. 9 shows a significant number of SNe II are consistent with progenitors with a metallicity lower than 0.1 Z .
Na I D as metallicity indicator?
Recent studies (e.g., A16, T16) have shown the effects of environmental metallicity in the strength of the iron lines in SNe II spectra. However, these studies did not examine the potential influence of metallicity on the strength of other metal lines, such as Sc ii, Ba ii, Na i D.
We test the relations between host-galaxy properties and the pEW(Hα) absorption component, pEW(Hβ), pEW(Na I D), pEW(Fe ii 5018), pEW(Fe ii 5169), pEW(Ba ii 6142) and pEW(Sc ii 6247). We find that, with the exception of Na i D, these lines have only weak correlations with host galaxy properties (see Table 7 ). The Na i D line shows a significant correlation with host galaxy luminosity and M stellar . Fig. 7 and Fig. 8 present these results. Additionally, using the KS test, we also find that Na i D display statistically significant differences between the low-and high-luminosity groups. This analysis suggests that Na i D may be a good indicator of global properties of the galaxies, such as metallicity. This is surprising as, given the lightness of sodium, significant contamination of the hydrogen envelope with sodium created from nuclear burning during the star's life is expected. These results suggest that either the mixing of such material to the outer envelope is very low, or that the degree of mixing also depends on progenitor metallicity, with higher . Green stars represent SNe II in high-luminosity hosts, while yellow stars are SNe II in low-luminosity hosts. In each panel, n is the number of events, ρ is the Pearson correlation coefficient, and P is the probability of detecting a correlation by chance.
metallicity progenitors undergoing more vigorous mixing during their lifetimes. However, a theoretical study on the production of sodium in massive stars at difference metallicity is needed in order to understand these results.
CONCLUSIONS
In this work we have presented an analysis of SNe II in lowluminosity galaxies, and compared to those SNe in highluminosity hosts. A total of 138 SNe II were analysed using spectral diagnostics (velocities and pEWs) and photometric (M max V , s2 and P d ) properties, and compared with their host galaxy absolute magnitudes and stellar masses, which we use as a proxy for galaxy metallicity. Our main results are:
• We find that SNe II in more metal-rich environments (i.e., a large stellar mass) display stronger metal lines in their photospheric spectra. This is in agreement with the prediction from the models of D14. We found stronger correlations with pEW(Na I D) than with pEW(Fe ii 5018).
• There is a commonly held view that the degree of hydrogen-envelope mass-stripping is strongly dependent on progenitor metallicity in single star evolution. We do not detect any signature of this, but it is likely that our RSG progenitors are drawn mostly from the 8 -15M range due to IMF statistics. At these masses and luminosities, the massloss rates on the main sequence are not high enough to have significant effect on the plateau (∼ 1 − 2 M lost; Eldridge & Tout 2004) , which is consistent with our measurements.
• We find that all absorption lines in the spectra of SNe II located in low-luminosity galaxies have smaller pEWs then those SNe II in high-luminosity hosts. Comparing these results with models at different metallicities, we found that the Hα absorption feature shows the opposite behaviour. We found weak absorption in SNe II in low luminosity hosts, while D14 found stronger Hα absorption for low metallicity models.
• We find no evidence that expansion velocities (and therefore explosion energy) are affected by metallicity of the host. This suggests there is physically little difference between the progenitor structure and explosions at low-and high-metallicity for RSGs that explode as SNe II.
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C 
SNe and host galaxy information. Columns: (1) SN name; (2) galaxy name; (3) the host galaxy heliocentric recession velocity. These are taken from the Nasa Extragalactic Database (NED: http://ned.ipac.caltech.edu/) unless indicated by a superscript (sources in table notes); (4) host galaxy absolute B−band magnitudes (taken from the LEDA database: http://leda.univ-lyon1.fr/); (5) the reddening due to dust in our Galaxy (Schlafly & Finkbeiner 2011) taken from NED; (6) discovery date; (7) (9) explosion epoch. They are estimated using the SN non-detection or through the spectral matching. More details can be found in Gutiérrez et al. (2017a) . Break in the observations n for ∼ 150 days. Break in the observations for ∼ 100 days. Break in the observations for ∼ 130 days. Break in the observations for ∼ 70 days.
• Break in the observations for ∼ 100 days.
Break in the observations for ∼ 69 days. • SNe II from A16 included in the low-luminosity group. The number of events used for each measurement are given in parenthesis. ρ KS lower than 0.01 are presented in bold.
